This phenomenon is inevitable since, in all the biological systems, small changes in metabolism are well reflected in whole systems; thus, metabolic pathways are interlinked, and are thus capable of dynamically altering the behavior of other housekeeping pathways. Therefore, a wide range of diseases are basically the result of multiple metabolic abnormalities. Hence, the yield of integrated top-down approach like metabolomics is enormous and more accurate in terms of holistic coverage of drug behavior in systems framework. [4] Omics datasets offer more accurate information to build a predictable model in the format of multivariate predictors, which can aid in silico drug discovery program for simulation purposes. The milieu of "systems" may vary with the context we deal with, such as host or pathogen or drug source. New era of the "omics" data comes from a variety of sources, but can be broadly classified into three major areas based on its chemical nature, namely, genomics (transcriptional and translational), proteomics, and metabolomics. Among these three, metabolomics data offer advantage over the others, as it enables direct readout of the metabolic status. The foundation of the successful metabolomics-based clinical pharmacological program lies on suitable pattern recognition algorithms that efficiently differentiate the metabolomics data coming from "normal" versus "experimental" condition. [5] For instance, unsupervised multivariate analysis tool (MVA) like principal component analysis is used to assess the pattern variation between two groups. Likewise, supervised MVA procedures such as partial least squares, discriminant function analysis, and support vector machine are presently employed to extract putative biomarker features from metabolomics data. [6] These features are compared between groups to identify the patterns and their differences, which lead to validation of relevant biomarkers. The choice of these algorithms depends on the nature of information to be extracted from the metabolomics data. In clinical pharmacology, metabolomics offers a wide range of possibilities such as assessment of patient response, ranging from population level to individual response toward a particular drug. Metabolomics-based biomarkers can facilitate the drug discovery program through evaluation of pathway interaction of the compound through metabolic network analysis. As significant as statistical strategies in metabolomics, laboratory-based analytical techniques are also important for a successful metabolomics approach in clinical pharmacology. Techniques, ranging from simple Ultraviolet-visible spectrophotometer "reads" to higher end spectrometric techniques such as nuclear magnetic resonance and mass spectrometry (MS) platforms, can generate clinically relevant metabolomics data. [7] In particular, combining two or more spectrometric techniques can be more powerful than relying on a single platform. The metabolomics readouts can be either shotgun in nature or coupled with a separation source such as liquid chromatography (LC), gas chromatography (GC), and capillary electrophoresis. Each platform has its own unique advantage solely based on the metabolite coverage intended to validate, but in particular, MS offers a more robust and reliable platform for metabolomics analysis.
role of lIquId chromatograPhy-mass sPectrometry metaBolomIcs In drug dIscovery
MS is classified based on the choice of ionization source, along with the separation source. [8] Two prominent separation sources coupled with mass spectrometers are natural choices for analysis, namely, LC-MS and GC-MS. Both techniques have different application areas, assisted with open-source and proprietary-based compound libraries readily available for precise metabolite identification. While GC-MS-based metabolome studies are dominant over other methods, LC-MS-based method can be a powerful tool for ab initio compound identification facilitated through soft ionization technique and tandem MS/MS (MSn) fragmentation. Soft ionization techniques such as electrospray ionization, atmosphere pressure chemical ionization, and atmospheric pressure photoionization coupled with triple quadrupole and time of flight provide LC-MS metabolomics with more flexible options depending on the chemical nature of the metabolite. [9] Table 1 summarizes the ionization modules available in LC-MS-based metabolomics studies. Early diagnosis of the disease certainly provides ample opportunity to cure it than late diagnosis which narrows down the chances of successful treatment and survival. As we stated earlier, metabolomics can offer comprehensive "snap shot" of the metabolic status in patient metabolome at early stages of disease progression, thus making it possible to discover and assign the biomarker molecules that indicate the disease prevalence. [10] A typical LC-MS metabolomics-based biomarker discovery involves comparing the spectra of patient samples (plasma, urine, saliva, tissue biopsy, etc.) collected at early stage with normal healthy controls [ Figure 1 ]. The pattern Photon transfer/protonation Amino acids, proteins, and certain classes of lipids ESI: Electrospray ionization, APCI: Atmospheric pressure chemical ionization, APPI: Atmospheric pressure photoionization, MALDI: Matrix-assisted laser desorption/ionization variance between "disease versus normal" spectra was further tested using multivariate statistical tools (such as MVA) to identify those possible features responsible for the potential disease positives. [11] BIomarker-assIsted targeted metaBolomIcs In drug dIscovery Biomarkers assist the high throughput drug screening routine, as it can be used to rapidly gauge the organism's response towards drug molecule, in terms of toxicity efficacy and possible metabolic side effects. For example, in the early stages of cancer prevalence, accelerated incidence of glycolysis (Warburg's effect) can be a suitable indicator for cells that could turn potentially cancerous. [12] Other upregulated pathways include pentose phosphate pathway and glutaminolysis that support the highly demanding energy budget of cancerous cells. In this case, glutamine breakdown and aerobic glycolysis metabolites can be a significant indicator for upregulated glutaminolysis in the potentially cancerous cells. In this case, multireaction monitoring (MRM)-based targeted metabolomics come as a handy tool to study the pathway interactions as whole than studying individual biomarkers as a diagnosis indicator.
oxIdatIve stress BIomarkers-mass sPectrometry-Based metaBolomIcs aPProaches
Oxygen, a Janus-faced molecule, which is the main component of life processes, can also cause significant damage if goes unchecked through proper redox mechanism. Oxidative stress is the starting point for many diseases stretching from simple muscular pain to cancer, Alzheimer's disease, premature aging, neurodegeneration, and multiple sclerosis. [13] Early detection of free radical-mediated damage can give a great deal of assistance in devising a successful clinical program to tackle these life-threatening diseases. Biomarker-based diagnosis of earlier onset of disease through LC-MS by either single biomarker assessment or multibiomarker assessment (MBA) can serve as a handy tool, while MBA is to facilitate effective individualization of the treatment course with much specificity. [14] These MBAs can give a holistic picture of the disease origin such as diet, habit, genetics, pathogen, and environment. Table 2 summarizes the common LC-MS-based biomarkers to assess the rate of free radical-mediated damage in patients. [15] Apart from redox biomarker assessment, LC-MS-based metabolomics assists the drug discovery program through creating new drug-lead inventories from wild sources with unique adaptation to oxidative stress. In our laboratory, initiatives are taken to identify/understand key metabolic adaptations in lower eukaryote extremophile organisms and to profile/reconstruct the pathways behind such adaptation through the LC-MS platform. The information extracted from metabolomics can be taken further to develop a "systems" framework through preexisting cross-species metabolome pathways such as Kyoto Encyclopedia of Genes and Genomes, MetaCyc, EcoCyc, and Pathway commons. [16] 
current challenges In lIquId chromatograPhy-mass sPectrometry metaBolomIcs
Like any other "omics"-based instrumentation platforms, MS also requires reliable computational algorithms to process the signal sources, identify the compound arising from the signal, and model the role of the identified metabolite in the whole metabolome. Currently, two approaches are followed, i.e., targeted and untargeted [ Figure 2 ]. In targeted metabolomic analysis, known metabolites that already resolved for their role as disease biomarker are analyzed using quantitative methods through MRM. This mode of analysis helps in determining the influence of drug on the overall patient metabolome during the treatment regimen. On the other hand, untargeted metabolomics focus on unknown metabolites and their qualitative identification through MS/ MS fragment analysis. Alternatively referred as "discovery" mode, untargeted metabolomics play a major role in the discovery of novel biomarkers and drug targets. Untargeted metabolomics has unique advantages such as identification of novel metabolites and their role in the metabolic networks, pathway reconstruction analysis, and scope of a metabolite in whole cellular processes. Although both targeted and untargeted metabolome analyses have their own advantage and utility, both approaches posses their own limitation to overcome. In targeted metabolome analysis, it is important to devise a successful extraction strategy to cover the desired list of metabolites to be monitored, while in untargeted metabolome analysis, limitations include signal separation and discrimination of metabolite signal from overall noise. [17] In particular, untargeted metabolomics data give a serious challenge to computational biology, such as the detection and identification of new metabolites, which does not preexist in compound libraries or any other literatures [18] . Complexity of mass signals (adducts, fragmentation, and contamination), signal-to-noise ratio, and metabolite decomposition also need to be carefully addressed while identifying a metabolite during an LC-MS untargeted analysis. [19] conclusIon MS-based metabolomics needs significant efforts on the signal processing domain with the backing of effective computational algorithms to deal with complex redundant mass spectra.
Nonetheless, MS-based metabolomics has been providing consistent insights into the metabolome snapshots during disease progression, biomarker-mediated successful treatment, and protocol validation. Most of these efforts are at laboratory scale, yet MS-based metabolomics find few real-time clinical applications such as neonatal screening for inborn diseases, oxidative stress biomarkers, early diagnosis of cancer, and nutritional-related disorders.
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references Figure 1 : Schematic workflow of liquid chromatography-mass spectrometry-based metabolomics experiment Figure 2 : Comparative account on the approaches followed in "Targeted versus Untargeted" metabolomics analysis
